Elder self-neglect is the most common form of elder mistreatment. Individuals who cannot provide basic needs for themselves may develop social, functional, and physical deficits. The systematic characterization of self-neglecting individuals is the goal of the Consortium for Research in Elder Self-Neglect of Texas project. This study reports on the nutritional status of self-neglecting elderly. Self-neglectors (SN) were recruited based on referrals along with matched control (CN) subjects. Data are for 40 SN subjects (age 76 6 7 y) and 40 CN subjects (76 6 7 y). Blood samples were collected and analyzed for indices of nutritional status. SN subjects had a greater serum concentration of total homocysteine than CN subjects (13.6 6 4.5 vs. 11.6 6 5.6 mmol/L, P , 0.05) and a lower concentration of red blood cell folate (1380 6 514 vs. 1792 6 793 nmol/L, P , 0.05). Plasma b-carotene and a-tocopherol were lower in SN subjects (0.28 6 0.2 vs. 0.43 6 0.33 mmol/L; 23.2 6 9.3 vs. 27.8 6 9.3 mmol/L, P , 0.05). SN subjects had a lower serum concentration of 25-hydroxyvitamin D than CN subjects (33.7 6 16.4 vs. 44.1 6 19.6 nmol/L, P , 0.05). These differences in markers of nutritional status show that the self-neglecting elderly are at risk for altered nutritional status, particularly of folate, antioxidants, and vitamin D. Evaluation of these data in relation to other functional and cognitive assessments are critical for evaluating the relation between nutrition and self-neglect.
Introduction
Self-neglect is generally defined as the failure to 1) engage in selfcare acts that adequately regulate performance, 2) consume sufficient levels of food, and 3) take actions to prevent, alleviate, cure, or control conditions that affect life, health, and well being (1) . In 2005, the National Association of Protective Service Administrators investigated over 170,000 cases of self-neglect in 34 states, which represented a 44% increase from 2000 (2) . Unlike the risk factors for clinical phenomena that are well studied among the elderly, such as dementia and depression, risk factors for self-neglect are not well defined.
Elder self-neglect is a phenomenon that encompasses a wide range of social, health, and housing issues. For risk factors to predict whether elder self-neglect can be determined, the condition itself must be better characterized in terms of these issues. Considerable evidence shows that the status of certain nutrients is related to some of the cognitive effects associated with selfneglect (3) (4) (5) (6) (7) . For example, in community-based elderly populations with good health, adequate folate status is associated with higher cognitive function scores and is inversely associated with dementia (6) (7) (8) . Elderly individuals commonly have lower blood concentrations of other nutrients, such as vitamin D, vitamin B-6, and vitamin B-12, than younger individuals, but it is not well understood whether the status of these and other nutrients is exacerbated by self-neglect (3, (9) (10) (11) . Goodwin et al. (12) were the first to report that healthy elderly subjects who had low blood concentrations or intakes of folate, vitamin B-12, vitamin C, and riboflavin scored poorly on tests of memory and nonverbal abstract thinking. Several studies reported improvement in cognitive function after supplementation with these vitamins (13) (14) (15) (16) (17) . The role of B vitamins in homocysteine metabolism is fundamentally important, and may contribute to the mechanisms of altered cognitive function. Homocysteine is a sulfur-containing amino acid formed from the de-methylation of methionine. It is metabolized through 2 pathways, remethylation and transsulfuration, which require folate, vitamin B-6, and vitamin B-12 as cofactors. The literature is replete with data showing that elevated plasma total homocysteine is a risk factor for dementia, Alzheimer's disease, and other cognitive problems in the elderly (8, (18) (19) (20) (21) .
In the present study, we considered the possibility that elderly persons exhibiting self-neglect characteristics may have underlying nutrient deficiencies that could be identified as risk factors for the condition. These findings are part of a larger effort, the Consortium for Research in Elder Self-Neglect of Texas (CREST). 7 The initial CREST project was designed to characterize individuals suffering from self-neglect. This article is a report of the initial findings with regard to nutritional assessment.
Subjects and Methods
Human subjects review. The protocol for this study was approved by the Institutional Review Board at the Baylor College of Medicine, and the Committee for the Protection of Human Subjects at the NASA Johnson Space Center.
Subjects. Self-neglect (SN) subjects were recruited from individuals referred by the Adult Protective Services (APS) program of the Texas Department of Family and Protective Services. Once APS determined that one of their clients was a potential candidate for inclusion in the study, they obtained written permission from the client to refer the client's name to the CREST project. Upon receiving a client referral from APS, the CREST research field team, consisting of 2 research coordinators, visited the client at home and obtained the client's written consent to participate in the study. In instances when a subject's mental capacity to participate was uncertain, the research coordinator asked the subject to state the purpose of the study and to recite the risks and benefits of participation.
Self-neglectors were matched for age, gender, ethnicity, and socioeconomic status to nonself-neglecting control (CN) subjects recruited from Baylor College of Medicine's geriatrics program at the Harris County Hospital District in Houston, Texas. Patients seen in the geriatrics program are generally frail elders who have impaired cognition or mobility problems and complex social issues, including poverty. The parameter used to match for age was the SN subject's age 6 2 y. To match for socio-economic status, the list of all 5-digit zip codes within the city of Houston was divided into deciles by median income, and a CN subject was recruited from any zip code within the same decile as the SN subject's zip code. A further requirement was that a CN subject had no history of validated self-neglect on record with APS. All SN and CN subjects were community-dwelling participants in an urban setting and all resided in Houston.
The informed consent procedure and data collection were conducted in each SN and CN subject's home to increase the subject's ease and comfort and minimize loss of follow-up due to lack of transportation or frailty. Reported here are data on 40 SN subjects (16 M, 24 F; age 76 6 7 y; body weight 78 6 27 kg) and 40 CN subjects (14 M, 26 F; 76 6 7 y, 80 6 23 kg). Ethnicity of the groups was divided as follows: SN: 52.5% black, 40% white, and 7.5% Hispanic; CN: 67.5% black and 32.5% white. There were no differences between groups with regard to marital status, income, or education level. SN subjects had fewer prescription medications than controls and tended to be more likely to live alone (see Table 1 for more detail on subject characteristics).
Samples were collected from April through October of 2005. Clinical test data outside of normal ranges were reported to the subjects (and if consent was provided, to their physicians) as soon as possible. Several subjects (both SN and CN) were admitted for medical treatment because of study findings.
Anthropometrics. The research coordinator used a scale and stadiometer to obtain body weight and height from individuals during their interview.
Biological sample collection and processing. Blood samples were collected from all study participants at the end of the home visit. A total of ;37.7 mL of blood was collected from each subject for all tests described here. Blood samples were collected into appropriate tubes (including mineral-free tubes for the mineral analyses). Whole blood analyses were performed immediately with a portable analyzer (22) , and, as soon (not .30 min) as samples were returned to the Harris County Hospital District's clinical laboratory at Quentin Mease Hospital (the CREST lab), analyses were performed with the clinical hematology analyzer Sysmex XT-1800i (Dade Behring). Other samples were placed on ice until they were transported back to the CREST lab for further processing to yield red blood cells, plasma, or serum, depending on the specific analyte to be measured. Aliquots were stored frozen at 270°C, and were delivered about twice per month to the Johnson Space Center for the remaining analyses.
Biochemical analyses. The testing profile used here was a modification of the nutritional status assessment profile that we used in other clinical and research settings (i.e., the profile performed on astronauts before and after long-duration space missions) (23) . With few exceptions, all biochemical analyses were performed at the Johnson Space Center by trained personnel. Most analyses were performed by standard commercial techniques, as described previously (23) (24) (25) . Serum ferritin and transferrin were analyzed using the Immulite (Diagnostic Products) and Array 360 (Beckman Coulter) instruments, respectively. Transferrin receptors were measured using a commercially available ELISA (Ramco Laboratories). Red blood cell folate and serum vitamin B-12 were measured using a commercially available radioreceptor assay (Diagnostic Products). Ferritin iron content was determined by inductively coupled plasma mass spectrometry (ICP-MS) as previously described (24) . The pH and concentrations of electrolytes, glucose, and ionized calcium in whole blood were determined at subjects' homes with a portable analyzer (i-STAT) (22, 24, 26) .
Serum total calcium, iron, zinc, and copper concentrations were measured by ICP-MS (27) . Serum intact parathyroid hormone (PTH) was measured by immunoradiometric assay (Nichols Institute Diagnostics). The vitamin D metabolites, 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D, were determined using commercially available RIA kits (DiaSorin). Bone-specific alkaline phosphatase (BSAP) was measured by ELISA (Quidel), and serum osteocalcin was measured by a commercial RIA kit (Biomedical Technologies).
Serum samples were analyzed for the collagen crosslink N-telopeptide (NTx) using a commercially available kit (Osteomark NTX ELISA kit, Inverness Laboratories).
Red blood cell superoxide dismutase (SOD), glutathione peroxidase (GPX), and total antioxidant capacity (TAC) were measured spectrophotometrically using commercially available kits (Randox Laboratories).
Serum total cholesterol, triglycerides, albumin, sodium, potassium, chloride, creatinine, alanine transaminase (ALT), aspartate transaminase (AST), and total alkaline phosphatase were assayed using an Olympus AU400E automated clinical chemistry system (Olympus), and CRP was analyzed with the Immulite 2000 (Diagnostic Products). Serum protein electrophoresis was performed with the Beckman Appraise (Beckman Coulter). Retinol-binding protein (RBP) was measured using a radial immunodiffusion kit (The Binding Site). Fat-soluble vitamins were analyzed in plasma by HPLC with electrochemical detection (28) . We used a chromatographic system from ESA Biosciences consisting of 2 model 582 pumps, a high-pressure gradient mixer, a model 540 autosampler with a refrigerated sample tray, a CoulArray thermostatic chamber, and a model 5600 CoulArray 8-channel system to separate, detect, and quantify fat-soluble vitamins. The separation of fat-soluble vitamins was carried out on a C18 column (MD-150, 150 3 3.0 mm, 3 mm, ESA) using a methanol/1-propanol/ ammonium acetate binary gradient with a flow rate of 0.8 mL/min. Both external and internal standard calibration curves were used for quantification. This method was linear for all analytes over their physiological range.
Methylmalonic acid (MMA), total homocysteine, cystathionine, and 2-methylcitric acid were determined in serum by GC-MS in an external commercial laboratory (Metabolite Laboratories).
Statistical analysis. Statistical analyses were designed to test the hypothesis that the nutritional status of self-neglect subjects was different from that of control subjects, and that nutritional status of females was different from that of males. This was accomplished using a 2-way factorial design and evaluating data using 2-way ANOVA (group, gender, group 3 gender interaction). Statistical analyses were performed with the data either in their original metric or transformed to a square root or natural logarithm scale to achieve acceptable distributional normality and homogeneity of variance as determined by the KolmogorovSmirnov normality test. Normalization was required for MMA, total homocysteine, cystathionine, 2-methylcitric acid, RBC folate, serum folate, vitamin B-12, C-reactive protein, b-carotene, PTH, BSAP, osteocalcin, NTx, copper, iron, transferrin receptors, retinol-binding protein, ALT, AST, alkaline phosphatase, transferrin, ferritin, and creatinine.
The general linear model (GLM) was used to analyze the data. When analysis indicated the existence of outliers (data points exhibiting a standard GLM residual of $3.0), the data were then reanalyzed without the outliers. The number of outliers that manifested for each test are noted in the table footnotes. When significant differences were found between SN and CN groups or genders, the Pearson correlation coefficient between the analyte and body weight was computed to assess whether a confounding effect of body weight was present. When a significant interaction between group and gender was noted, a post-hoc Bonferroni test was used to determine pairwise differences within groups and within genders.
Statistical analyses were performed using Minitab version 14 statistical software. Values are expressed as means 6 SD, and significance was assigned at P , 0.05.
Results
Hematology and general chemistry. The groups did not differ in the hematology variables measured ( Table 2 ). The SN subjects tended to have a greater hemoglobin concentration than the CN subjects (P ¼ 0.08). Hemoglobin, ferritin, and serum iron 
Clinical chemistry variables generally did not differ between SN and CN subjects ( Table 2) . CRP concentration was .10 mg/L in 45% of SN subjects and 28% of CN subjects, and male subjects had a lower CRP concentration than females (Fig. 1) .
Glucose, measured in whole blood using the portable clinical blood analyzer, was lower in SN subjects than CN subjects (Table 2) . Fasting samples were not available because of the study design. To attempt to account for this, for about half of the subjects, the number of hours since the last meal (based on subject recall) was recorded. The time since the last meal was 6.7 6 4.5 h for SN and 4.6 6 4.2 h for CN subjects. For both SN and CN subjects, there was no correlation between the amount of time since the last meal and blood glucose.
The triglyceride concentration of SN subjects was lower than that of CN subjects ( Table 2 ). The Pearson correlation between triglyceride concentration and body weight was significant for SN (but not CN) subjects (P ¼ 0.02) (Fig. 2) . For both SN and CN subjects, no correlation was found between the amount of time since the last meal and serum triglyceride.
Differences between male and female subjects were found for several of the clinical chemistry variables ( Table 2 ). Several sodium results were outside of reasonable ranges (,128 mmol/L), and these were excluded from the means shown in Table 2 , but the inclusion of these points did not affect the statistical results. Sodium and potassium data were also obtained from the portable blood analyzer (data not shown). The data for the 2 instruments were correlated (r ¼ 0.53 and 0.84 for sodium and potassium, respectively; P , 0.001 for both).
Oxidative damage markers and antioxidants. RBC SOD was lower in SN subjects than in CN subjects. TAC of the 2 groups did not differ, but males had a higher TAC than females (P , 0.05). Whole blood GPX activity was not affected by group or gender GPX ( Table 3) .
Fat-soluble vitamins. The plasma concentration of retinol was lower in the SN subjects than in the CN subjects, and in both groups the male subjects had a higher concentration than female subjects. b-Carotene was also lower in the SN subjects than in the CN subjects, and male subjects had a lower concentration than female subjects. The plasma a-tocopherol concentration was lower in SN subjects than in CN subjects, but there was no gender difference. An interaction between group and gender occurred for coenzyme Q10, but no difference was seen between groups or genders for g-tocopherol ( Table 4) . Only one subject (SN male) had elevated plasma retinyl palmitate (0.334 mmol/L). Vitamin B-12 and folate metabolism. RBC folate and serum folate were both lower in SN subjects than in CN subjects ( Table  5 ). The serum vitamin B-12 concentration of the 2 groups did not differ. However, serum total homocysteine was higher in SN subjects (P , 0.01). Both methylmalonic acid (P ¼ 0.054) and cystathionine (P ¼ 0.094) tended to be higher in SN subjects than in CN subjects (Table 5 ).
Calcium and bone metabolism. The vitamin D status indicator 25-hydroxyvitamin D was lower in SN subjects than in CN subjects ( Table 6 ). Male subjects tended to have a higher concentration than females (P ¼ 0.07) (Fig. 1B) . Because of known ethnic differences in vitamin D (29), we also included ethnicity in the model evaluating 25-hydroxyvitamin D. Blacks tended to have lower 25-hydroxyvitamin D concentration than whites (P ¼ 0.059). SN subjects had a higher concentration of osteocalcin than CN subjects (P , 0.05). The Pearson correlation coefficient between osteocalcin and body weight was significant for SN subjects (but not CN), with P ¼ 0.035 (Fig. 2) . Other bone markers did not differ between groups or genders (Table 6) ; however, the concentration of BSAP and total alkaline phosphatase tended to be lower in males (P ¼ 0.07) than in females (P ¼ 0.06).
The serum parathyroid hormone concentration tended to be higher in SN subjects (P ¼ 0.09) ( Table 6 ). In the original statistical analysis, 3 CN outliers were removed (as noted in Table 6 footnote). Several subjects (5 SN, 3 CN) with elevated PTH concentrations (.100 nmol/L) were not identified as outliers. Removal of these additional points did not change findings (SN tended to be higher than CN, P ¼ 0.08), but the variability in the data were reduced: SN males, 46 6 15; SN females, 47 6 22; CN males, 37 6 21; CN females, 38 6 21 nmol/L. Serum minerals. Serum zinc, copper, and selenium concentrations did not differ between groups (data not shown). Males had a lower concentration of copper (P , 0.05), and tended to have a higher serum concentration of selenium (P ¼ 0.09) than females.
Discussion
In contrast to extensively studied clinical phenomena such as depression and dementia, predictors of self-neglect in communitydwelling elders are not well understood. Previous studies have shown that depressive symptoms and cognitive impairment are independent predictors of self-neglect (30) . We showed here that clinically defined self-neglectors are more likely than 4 Affected by group, P , 0.01. 5 Affected by group, P , 0.05. 4 Affected by group, P , 0.05. 5 Affected by group, P , 0.01. age-matched and gender-matched controls to have nutrient deficits and evidence for altered bone metabolism. Specifically, self-neglectors had lower status of vitamin D, vitamin E, folate, vitamin A, and vitamin B-12.
Homocysteine is a known neurotoxin (31, 32) , and evidence exists that it is involved in cardiovascular disease (33, 34) . Whether a high serum homocysteine concentration is a cause or an effect of disease is a point of controversy (5, 35, 36) , but for the self-neglectors in this study, the high serum homocysteine may be related to one or more nutrient deficiencies, given its association with elevated MMA. In addition to the neurotoxic effect of homocysteine that accompanies a folate deficiency, other mechanisms potentially relating folate deficiency to elder self-neglect include decreased methylation reactions in the central nervous system. These reactions are needed for proper myelination of neurons, synthesis of neurotransmitters and membrane phospholipids, and DNA methylation.
Besides nutrient deficiencies, another possible explanation for the higher blood concentration of homocysteine in SN subjects may be the likelihood that certain drugs can alter homocysteine concentrations by interfering with folate, vitamin B-12, or vitamin B-6 metabolism, or by altering renal function. Some drugs known to increase plasma homocysteine concentration include lipid-lowering drugs (such as fibrates and niacin) and oral hypoglycemic drugs (e.g., metformin), insulin, and drugs used to treat arthritis or epilepsy (37) (38) (39) (40) (41) .
Although genetic factors were not investigated in the present study, plasma homocysteine is influenced by genetics (33, 42) . In situations where folate intake is low, the 5,10-methylenetetrahydrofolate reductase (MTHFR) C(677)T polymorphism is associated with elevated plasma homocysteine concentrations (42, 43) . Furthermore, several studies showed that individuals who had this polymorphism along with low folate status had decreased cognitive performance (44) (45) (46) . Further research is needed to determine whether a relation exists between selfneglect and genetics as it pertains to folate metabolism.
It is likely that several mechanisms can explain the neurological consequences of self-neglect, and more research is needed to determine whether elevated plasma homocysteine or low nutrient status is a cause or effect of the condition. A limitation of this study is that the cross-sectional design precludes determination of cause and effect. The data do, however, provide strong evidence that self-neglectors are in a state of compromised nutritional status.
The difference in fat-soluble vitamin status between SN and CN subjects is somewhat striking, and may help to substantiate a causal relation between self-neglect and nutrition. The role of vitamins A and E as antioxidants has been well established, as have the effects of these antioxidants on the aging process (47) . The lower plasma concentrations in the SN group of certain antioxidants, as well as the lower concentrations of RBC superoxide dismutase and retinol-binding protein, suggest that these individuals may be at increased risk for oxidative stress, development and advancement of cataracts (48, 49) , and changes in mental status (50) .
Vitamin D has received much attention in recent years due to the re-emergence of vitamin-D deficiency as a public health concern, especially for the elderly (51, 52) . The findings here validate this concern, insofar as a large percentage of both SN and CN groups had very low vitamin D stores. The metabolic effects of vitamin-D deficiency were clear: of 16 subjects (10 SN, and 6 CN) who had 25-hydroxyvitamin D levels ,25 nmol/L, 13 of them had above-mean serum NTx (bone resorption marker). Presumably, self-neglectors do not get out in the sun often. The fact that the data presented here are from subjects whose blood samples were collected April through October, and who lived in the sun-belt city of Houston, shows that vitamin D is not an issue for northerners only.
The image most often conjured by self-neglect is of frail, thin, elderly persons, but the subjects reported here were generally not petite. Although we documented many specific nutrient deficits, these appear to be related to poor food choices, rather than to general undernutrition. Moreover, the fact that SN and CN groups did not differ in the values of many variables (e.g., hematology and clinical chemistry variables, and proteins) is further evidence that this is not a situation of general malnutrition, as might be expected, but of an as-yet-unknown set of contributing factors that may have led to specific nutrient deficiencies.
The question that arises quite naturally, given a subject population such as the one included in this study is, What was the prevalence of multiple deficiencies? To answer this question, we determined the number of subjects with abnormal results for homocysteine (high), 25-hydroxyvitamin D (low), a-tocopherol (low), and retinol (low) (Fig. 3) . Our answer is puzzling: although the incidence of multiple deficiencies was greater in the SN subjects, the proportion of subjects from either the SN or CN group who had multiple deficiencies was by no means overwhelming. The lack of a common finding may complicate the generalization of nutritional deficiencies in self-neglectors.
One limitation of the study was our inability to collect fasting blood samples because of the nature of these subjects and the study design. The time of the last meal did not have an effect on the most likely variables, so we do not think that the use of nonfasting blood samples affects the interpretation of the data presented here.
This study was designed to characterize the self-neglecting elderly, and to document their nutritional status. The data clearly indicate that nutritional deficiencies are a critical issue for the self-neglecting elderly and, specifically, that they are at risk for deficiencies of folate, vitamin B-12, antioxidants, and SN, A) and control subjects (CN, B) .
vitamin D. These data are particularly striking when one considers that the control group was composed of elderly public hospital outpatients rather than healthy, community-dwelling seniors. An evaluation of these data in relation to other functional and cognitive assessments of self-neglectors is crucial for evaluating the relation between nutrition and self-neglect. Of the many questions that arise from this research, the 2 that are, in our view, the most obvious and most critical are these: 1) Are nutritional deficiencies a cause of self-neglect, or a consequence? and 2) Can these deficiencies be corrected and, if so, will that enable a return to self-reliance?
